Background: Hazardous drinking among students in higher education is a growing concern. The alcohol use disorders identification test (AUDIT) is the gold standard screening instrument for hazardous drinking in the adult population, for which an abbreviated version has been developed: the AUDIT-Consumption (AUDIT-C). Currently, there's no gold standard for identifying hazardous drinking among students in higher education and little evidence regarding the concurrent validity of the AUDIT-C as a screening instrument for this group. This study investigated the concurrent validity of the AUDIT-C in a sample of university students and suggests the most appropriate cutoff points. Methods: Cross-sectional data of health surveys from 5,401 university and university of applied sciences in the Netherlands were used. Receiver operating characteristic (ROC) curves, sensitivity, specificity, and positive and negative predictive values for different cutoff scores of AUDIT-C were calculated for the total sample and for subgroups stratified by age, gender, and educational level. AUDIT-score ≥11 was used as the criterion of hazardous and harmful drinking. Results: Twenty percent of students were hazardous and harmful drinkers. The area under the ROC curve was 0.922 (95% CI 0.914-0.930). At an AUDIT-C cutoff score of ≥7, sensitivity and specificity were both > 80%, while other cutoffs showed less balanced results. A cutoff of ≥8 performed better among males, but for other subgroups ≥7 was most suitable. Conclusion: AUDIT-C seems valid in identifying hazardous and harmful drinking students, with suggested optimal cutoffs 7 (females) or 8 (males). However, considerations regarding avoiding false-positives versus false-negatives, in relation to the type of intervention following screening, could lead to selecting different cutoffs.
Introduction
Students drink more than their peers who are not attending higher education [1] [2] [3] , and alcohol use is the leading cause of injury and death among students [4, 5] . Especially binge drinking (drinking 5 or more drinks in one occasion) is a highly prevalent risk behavior [6] that increases students' short-term risk of poor academic performance [7] and college drop-out [8] and their longterm risk of alcohol dependence and learning and memory impairments [7] [8] [9] [10] .
In Europe, the continent with the highest per capita alcohol consumption, hazardous alcohol use is very prevalent among students [11, 12] . In the Netherlands (where this study took place), 24% of students between 18 and 24 are hazardous drinkers. Hazardous drinking is defined as men consuming 6 or more and women 4 or more glasses of alcohol at least once a week [13] . This is much higher than in the general adult population, where 10% are hazardous drinkers [14] .
Due to the societal acceptance of high levels of alcohol use as part of student culture, hazardous student drinking is often downplayed [14, 15] . This might partly be driven by the idea that many students show natural recovery of hazardous drinking after a typical peak of drinking at a younger age, often without specific treatment [16] [17] [18] [19] . However, because hazardous drinking is associated with short-term risk of poor academic performance, college drop-out, and long-term risk of alcohol use disorder (AUD), there is a need to identify hazardously drinking students in order to refer them to primarily, further alcohol assessments and secondarily, if needed, appropriate interventions. The societal acceptance on students' drinking behaviors impedes the identification of hazardous drinking students especially those being at risk of AUD and furthermore and most important, current screening instruments and cutoffs seem to do so too. These instruments cause an overestimation of students who seem to be at risk for AUD, which is probably the result of the high prevalence of binge drinking among students, based on which they quickly exceed the cutoff of hazardous drinking. Even though binge drinking is risky behavior that we want to identify, it is not enough to base hazardous drinking and being at risk for AUD on. However, there is no gold standard for a valid screening of hazardous alcohol use among students in higher education. Having an assessment instrument to identify these students by measuring prevalence and patterns of risk enables researchers, practitioners, and policymakers [20] to appropriately refer students to further alcohol assessments and interventions.
Cutoffs of screening instruments for hazardous drinking and being at risk for AUD are derived from the general adult population where hazardous drinking is less frequent than in the student population. Therefore, these screening instruments may identify a higher percentage of hazardously drinking students who are at risk for AUD, than are actually at risk and may need help. This would suggest that cutoffs should be higher in the student population than in the adult population, but there is a lack of information on which cutoff point would most accurately identify students with hazardous drinking behaviors, at risk for AUD.
The 10-item AUD identification test (AUDIT) [21] has been developed by the World Health Organization to identify people with hazardous drinking behaviors and AUDs [22] and is regarded as the gold standard questionnaire for screening hazardous and harmful drinking in mainly clinical settings for the adult population. The first 3 questions of the AUDIT, that is, the AUDIT-Consumption (AUDIT-C), measure the amount and frequency of drinking [22, 23] . The second part assesses the frequency of experienced mental and physical problems due to alcohol consumption. According to studies in adults, the AUDIT-C is almost equally accurate in detecting hazardous drinking patterns and being at risk for AUD as the full AUDIT [23, 24] . In adults, a score of 4 for men and 3 for women on the AUDIT-C is considered optimal for identifying hazardous drinking or active AUDs [22] with sensitivity and specificity in the mid-90s and 80s, respectively. Important advantages of using the AUDIT-C instead of the full AUDIT are that the questionnaire is shorter, and the questions are less intrusive. The AUDIT-C may therefore have a lower risk of response bias and reporting bias.
The concurrent validity of the AUDIT-C among students has been evaluated in a limited number of studies, with different outcome measures. In a US study among [18] [19] [20] year olds, of which 89% were college students, the AUDIT-C performed best with cutoff scores of 6 for men and 5 for women [25] in the prediction of AUD (using DSM-IV criteria), with sensitivity and specificity between 68 and 78%. Another study among US students concluded that a cutoff score of 7 should be used for men and 5 for women in order to detect at-risk drinking (defined by the number of drinks in a typical week and/or the total number of heavy drinking episodes in the past month) [26] . To our knowledge, no such studies, besides the use of the AUDIT-C in the detection of binge drinking [27] , were performed in Europe. Results in Europe could be different, due to differences in legislative and Eur Addict Res 2020;26:1-9 DOI: 10.1159/000503342 cultural context, such as the minimum age of alcohol sales and the standard serving size of alcoholic beverages [28] [29] .
Given the diversity of student populations, the sensitivity and specificity of screening methods for hazardous alcohol use may not be the same across different subgroups. This diversity may go beyond gender differences. Because of the typical peak in drinking in a younger age [18] [19] , we will compare different age groups. Furthermore, university is more known for their drinking culture than a university of applied sciences. Therefore, we will also compare groups based on educational level.
We assume that the AUDIT-C provides us with a good screening method for hazardous alcohol use, with higher optimal cutoffs for students than for the general adult population. This may apply to an even larger extent for those subgroups of students that are more frequent drinkers (i.e., men, university students, and older students). The aim of this study is to examine the concurrent validity of the AUDIT-C and to examine whether the AUDIT-C is a valid screening instrument for hazardous drinking and being at risk for AUD among university students. We therefore examined the sensitivity and specificity of different AUDIT-C cutoff points for hazardous alcohol use, defined with the full AUDIT score. Additionally, we examined the validity for different subgroups of age, gender, and educational level (university and university of applied sciences).
Materials and Methods

Data Collection and Study Sample
Cross-sectional data were used from the February 2015 to May 2016 Student Health Check survey, carried out in a university and a university of applied sciences in Amsterdam [30] . The students were invited for the survey by student advisors and course managers through emails, newsletters, and TV screens on campus. Furthermore, a website specifically developed for this purpose, the www.studenthealthcheck.nl [30] with the self-monitor online is available throughout the whole school year. In addition, cross-sectional data from the December 2012 to January 2013 Study environment, Health and Study success survey, carried out in a university of applied sciences in Zwolle, were used. Students were invited by email.
Both surveys were aimed at improving students' recognition of their health problems at an early stage through self-monitoring and to provide personalized feedback [30] . Participants were extensively informed upfront about the objective and procedure. The participants provided written consent for the use of data.
Not all students who were invited completed the survey. For the Student Health Check in Amsterdam (n = 5,169), the response rate is unknown, as there are multiple recruitment methods that could not be monitored. Only the response rate for the Study environment, Health and Study success in Zwolle could be calculated which amounted to 14.7% (n = 2,332). A total of 7,501 students completed the questionnaire.
Nondrinkers were defined as those who indicated to never consume alcoholic beverages and were removed from the sample (n = 985; including 77 who had missing values). From the remaining 6,516 students, participants with one or more missing values on AUDIT items (n = 136) and for age, gender, and/or educational level (n = 54) were also excluded. Lastly, 925 participants were excluded because their age exceeded the target age range (17) (18) (19) (20) (21) (22) (23) (24) (25) . The final sample included 5,401 respondents.
Measures
Alcohol use was measured with the AUDIT-C (Audit questions 1-3) [23] . The questions assessed frequency of drinking, typical number of drinks consumed on a drinking day, and frequency of binge drinking. Responses to each item were scored from 0 to 4. The other 7 AUDIT questions were also asked, to generate the full AUDIT-score [19] . Because of the lack of a gold standard for screening hazardous alcohol use for students, hazardous drinking was measured with reaching or exceeding the recommended (full) AUDIT cutoff of 11 for students by Fleming et al. [31] , for adequate sensitivity. Note that this score is higher than for the general population.
Respondents provided demographics including age, gender, and educational level. Educational level discriminated students in university from students in the University of Applied Sciences. Age was classified into 2 groups: 17-21 and 22-25, based on the phase in their education (bachelor vs. master). In the Netherlands, students start their bachelor at age 17 or 18, which last for 3 or 4 years. After completion of the bachelor, most students continue with a master program of 1 or 2 years.
Statistical Analysis
All statistical analyses were performed using SPSS, version 24 [32] . First, sociodemographic characteristics, prevalence of hazardous drinking, and mean AUDIT-C scores were described for the total sample and by gender, age, and educational level. Next, sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV) were calculated for each AUDIT-C cutoff score for the total sample and for the different subgroups. Sensitivity identified the true positive proportion and specificity the true negative proportion. PPV determined the proportion of students who actually were hazardous drinkers according to the AUDIT out of all students with a score above the AUDIT-C cutoff point (i.e., positive test). NPV determined the proportion of students who actually were nonproblematic drinkers according to the AUDIT out of all students with a score below the AUDIT-C cutoff point (i.e., negative test). Receiver operating characteristic (ROC) curve analysis was used to determine the area under the curve (AUC) [33] , which represents the accuracy of the test. AUCs higher than 0.80 are generally considered sufficient [34] . The AUC was measured for the total study sample and for the different subgroups. Finally, a sensitivity analysis was undertaken in which we varied the AUDIT cutoff criterion to define hazardous alcohol use to 10 Table 1 presents hazardous drinking rates and AUDIT-C scores in the total sample and in subgroups. The mean score on the AUDIT-C for all students was 5.15 (SD 2.47). Men had the highest mean AUDIT-C score of all subgroups (6.17, SD 2.53), followed by university students (5.59, SD 2.33) and older students (5.25, SD 2.50). A total of 1,080 students (20.0%) were identified as hazardous drinkers, based on the AUDIT. The prevalence of hazardous drinking across subgroups shows almost the same pattern as for mean AUDIT-C scores, with relatively high scores among males (32.1%) and students aged 22-25 years (21.7%).
The distribution of participants with positive or negative test results on scores of the AUDIT-C was calculated. Cutoff points 3-6 had more participants who scored above (range 99.9-95.5%) than under the cutoff point (range 0.1-4.5%). For cutoff points 7 and 8, more participants scored under the cutoff point (12.2 and 30.1%) than above (87.8 and 69.9%). The proportion of hazardous drinkers was substantially higher among those above the AUDIT-C cutoff point than those under the cutoff point, except for cutoff point 9. From cutoff point 9 onwards the distribution reversed.
Sensitivity, specificity, PPV, and NPV for the total sample for possible cutoff scores of the AUDIT-C are presented in Table 2 . The AUC value for the ROC curve was 0.922 (95% CI 0.914-0.930), representing a high probability that a hazardous drinker has a higher AUDIT-C score than a nonhazardous drinker. Sensitivity was high (> 85) for cutoff points 3-7, but declined rapidly for cutoff points 8 (69.2) and 9 (39.9). Specificity was low (< 65) for cutoff points 3-6, and only reached high values (> 85) at cutoff points 8 and 9. At cutoff point 7, specificity was moderate (83.4%). For cutoff points 3-6 PPV was low (<55), at cutoff point 7 PPV was moderate, and for cutoff points 8 and 9 PPV was high. NPV was high for all cutoff points (> 85). Overall, a cutoff of 7 showed the most balanced combination of sensitivity and specificity (i.e., for which sensitivity and specificity were acceptably high). Table 3 shows the sensitivity, specificity, PPV, and NPV of different cutoff points of the AUDIT-C, stratified by gender, age, and educational level. The AUC was high for all subgroups (> 0.9), indicating a good performance of the AUDIT-C. Sensitivity, specificity, PPV, and NPV showed the same pattern for the subgroups as for the total sample. However, sensitivity decreased more rapidly in women than in men, whereas specificity increased more rapidly. Students aged 22-25 and university students had a higher PPV than students aged 17-21 and higher vocational students, respectively. Results suggest a different optimal cutoff point for men (8) than for women (7), when sensitivity and specificity are most balanced. For various age and educational level subgroups, 7 seems the optimal cutoff point.
In a sensitivity analysis as shown in Table 4 , the analysis was repeated with hazardous drinking defined by 2 alternative cutoff scores for the AUDIT; 10 and 12, respectively. The values of sensitivity, specificity, and NPV slightly changed, with a maximum change of 5%. The PPV changed more, with a maximum of 10%. This is due to the change of the prevalence of hazardous drinkers at different cutoff scores of the AUDIT.
Discussion/Conclusion
Key Results
The ROC results imply that the AUDIT-C is a valid test to identify hazardous drinking in the student population, as defined by the full AUDIT. Sensitivity and specificity outcomes were in balance and simultaneously high (> 80%) at cutoff point 7 for the total sample. The PPV was low (< 50%) for cutoff points 3-6 and increased with cutoff points 7-9. The NPV was high (> 85%) for all cutoff points. These patterns were similar for groups of different ages and educational levels, but not for gender. The most balanced cutoff point was higher in males (8) compared to females (7) .
Comparison with Previous Studies
Our findings are largely in agreement with those observed in 2 US studies, examining the use of the AUDIT-C in a student population [25, 26] . These 2 studies found AUCs of 0.83 and 0.89, respectively, which is comparable with our findings. Their recommended cutoff scores of, respectively, 5 and 6 are lower than our most balanced combination of sensitivity and specificity at cutoff 7. Differences in cutoff scores might be due to standard drinks being smaller in Europe (10 g in the Netherlands) compared to the United States (14 g). Furthermore, lower cutoff scores in the United States might be explained by other legislation in Europe compared to the US with regard to the age limit of alcohol consumption.
In addition, Kelly et al. [25] also found a higher AUC for women than for men, and a higher cutoff score for men (6) was recommended compared to women (5) . DeMartini and Carey [26] also proposed a higher cutoff score in men (7) than for women (5) .
Another study examining the validity of the AUDIT-C for at-risk drinking among students recommended a cutoff score of 5 for women and 7 for males [35] , whereby at-risk drinking was defined as 14 or more drinks per week for males and 7 or more drinks per week for females. This is slightly lower than the recommended cutoff scores in our study, which could again be due to other legislation in the United States compared to Europe.
A study conducted in Sweden [36] examined the ability of the AUDIT-C to discriminate between a group of problem drinkers and nonproblem drinkers, whereby problem drinking was defined as a treatment-seeking population and the general population comprised the nonproblem drinkers. They found an optimal cutoff point of 6 with an AUC of 0.60 and 0.32 and 0.92 sensitivity and specificity, respectively. The optimal cutoff point and AUC are lower than in our study, which might be due to the difference in definition of problem drinking between both studies.
A review reported that the AUDIT-C performs almost equally well as the full AUDIT in predicting alcohol use problems and AUD [37] . This review also recommended separate cutoffs for men and women when using the AUDIT-C. The recommended cutoff score for detecting hazardous drinking is 4 for men and 3 for women. However, of the 15 studies examined in the review, none used a college sample, and hazardous drinking was defined in various ways. Furthermore, most studies were conducted among primary care patients or participants with mood or anxiety disorders. Therefore, the findings of this review are not comparable to the findings in our study.
Implications
The results showed that the AUDIT-C cutoff score of 4 (proposed for the general population by Saunders et al. [22] ) will lead to many false-positives in (Dutch or European) university students. Based on our findings, we recommend cutoffs of 8 for male and 7 for female students. The AUDIT-C is intended to determine eligibility of students for further alcohol assessments, but if needed, students can be referred to targeted interventions as a result of these assessments.
Regarding interventions, the choice of the cutoff points depends on the country (and related size of standard drinks) and the need to avoid either false-positives or false-negatives. This may depend on the selected intervention.
For interventions that require a lot of time and resources, such as counseling at the student psychologist, false-positives need to be avoided. In this case, it may be more important to prevent wasting limited time and resources by using a screener with high specificity. A possible disadvantage is that many hazardous drinkers could be missed due to the lower sensitivity. This may, however, be acceptable because (1) hazardous drinking is not immediately life threatening and (2) for many students, heavy alcohol use and alcohol dependence in adolescence and early adulthood will tend to decline at older ages [38] . From our results, cutoff scores of 8 in females and 9 in males seem most suitable when screening students for interventions with high costs and resources.
The avoidance of false-negatives may be preferred for interventions with low cost and little personal effort. These interventions may take different forms, from merely providing information on the risks of hazardous drinking to personalized online advice and self-guided online interventions. Self-guided online interventions based on integrated therapeutic principles have been demonstrated to be effective in both community and health care settings and to be more effective than online interventions based on personalized normative feedback alone [39] . In this scenario, high sensitivity may be strived for. Although there will be more false-positives, providing some nonhazardous drinkers with advice and information to lower their alcohol consumption is not harmful. From our findings, a cutoff score of 7 in females and 8 in males may be most suitable when positively screened students are referred to an intervention with low costs and limited resources.
The health care cost for AUDs is high, and most interventions are cost-effective [40] . However, a low cutoff will result in more false-positives (i.e., identifying nonproblematic drinkers as problematic drinkers), who will increase the costs of the intervention, but not the effects. Moreover, false-positives may undermine the confidence of professionals in the screening instrument. Therefore, cost-effective interventions become ineffective when the threshold for referring individuals to the intervention is too low. Hence, for interventions that require a lot of time and resources, false-positives need to be avoided. For interventions with low costs and resources, the avoidance of false-positives is less necessary as the extra effects might be higher than the extra costs.
Limitations
This study has several limitations. First, the information on alcohol consumption is based on self-reports, which is generally found to be accurate, under specific conditions. Although studies showed that self-reported alcohol consumption levels and problems may stay underreported due to socially desirable answering of questions [41, 42] , other studies showed that problematic drinkers' self-reports are generally valid across different cultures and ethnicities [43] , especially when conducted in a research setting and participants were given assurances of confidentiality [44] . Collected data in the present study were processed anonymously, which was explicitly stated to the participants.
Second, participation in surveys might be selective. Not all students who were invited completed the survey. For the Student Health Check in Amsterdam, the total invited sample size is unknown, as there were multiple recruitment methods that could not be monitored. Only the response rate for Zwolle could be calculated. Although the respondents were similar in their basic characteristics (i.e., age, gender, academic year, faculty) compared to the general student population, the low response rate may affect reliability and validity of the study. In general, healthier people are more willing to cooperate in health research than unhealthy people [45] . This might lead to an underestimation of the proportion of hazardous drinkers and an underestimation of the alcohol consumption level. As a result, the PPV may be underestimated. Furthermore, the results are based on a Dutch sample, so it remains unclear to what extent they translate to other student samples, although we expect generalizability to countries with similar student cultures (e.g., many other European countries). Moreover, the data from the 2 different cohorts were collected in 2 different time periods, 2012/2013 and 2015/2016. However, we do not expect large differences in drinking behavior between these 2 periods, as the interval between them is small.
Third, the use of short scales has been advocated [46, 47] . Several studies discussed the challenges and caveats of short scales. Although they do not oppose the use of these scales, they do assert that the validity standards for short scales should be very high [46] , in particular in clinical settings. It's important to strike a balance between maximizing the construct coverage (as in long scales) and the efficiency of measurement (as in short scales) [47] . According to Shrout and Yager [48] , "it may be possible to use shortened versions of established screening scales for case identification and prevalence estimation without un-DOI: 10.1159/000503342 due cost in terms of sensitivity and specificity of the screen." This current study aimed to contribute to suggesting a specific cutoff for hazardous student drinking and makes a cautious step in that direction. Further research elaborating on this study and its proposed cutoffs is recommended.
Fourth, the gold standard for validating a screener is to use a validated clinical interview as outcome measure, which was not possible in our study.
Finally, future research may apply different statistical analyses that allow testing the extent to which the optimal AUDIT-C cutoff scores differ between subgroups and examine whether introducing more narrow subgroups that combine multiple risk factors for hazardous drinking leads to higher diagnostic validity.
Conclusion
Considering concurrent validity, the AUDIT-C performed well and has good potential as screener to identify hazardous drinking students at risk for AUD. The AUDIT-C also has clear advantages because of its brevity. A general cutoff score of 7 provided the most balanced combination of sensitivity and specificity for European students, or 7 (females) and 8 (males), when gender-specific cutoffs are used. We recommend that the AUDIT-C is primarily intended to determine students who are eligible for further alcohol assessments and, secondarily, targeted interventions. A cutoff higher or lower than 7 may be selected, when the importance of avoiding false-positives versus false-negatives needs to be considered in light of the preventive action that is undertaken with those identified as hazardous drinkers, at risk for AUD.
